The aquatic community is diverse and reasonably stable with little indication of environmental disturbance. Aquatic macrophyte population (dominated by Ranunculus aquatilis L., Veronica catenata Penn., and Nasturtium offlcinale) varies little from spring to fall. Periphytic and planktonic algae are predominantly diatoms, with the genus Achnanthes dominating both communities. Most genera of planktonic algae originate in the periphyton, but some true planktonic algae were identified. The benthic invertebrate population is dominated by Trichoptera and is a major food source for trout and forage fish. Biotic index values calculated from benthic invertebrate data indicate that water quality is very good to excellent. The trout population is low and represents only a small part of the total fish population both in biomass and numbers. Brown trout are usually stocked annually in the spring to enhance sport fishing, but by fall most trout are wild. The major environmental factors limiting trout population seem to be insufficient cover, insufficient pool depth and volume, and small spawning areas. The wild trout population is highly dependent on spawning success the previous fall.
INTRODUCTION
A cooperative study of the Nederlo Creek basin by the U.S. Geological Survey (USGS) and the Wisconsin Department of Natural Resources (DNR) began in 1967 to determine the effects of a small reservoir and a dry floodwater-control structure on hydrology and water quality. In 1968, Federal research funds were obtained by the USGS for more detailed water-quality studies and to extend the scope of the project to include aquatic biota and the aquatic environment.
Concurrent studies of fish and benthic invertebrates in Nederlo Creek were made by the DNR. These studies all began before construction of the structures and were to continue beyond completion of construction. Results of the preconstruction phase of the USGS-DNR cooperative project have been published (Kammerer and Sherrill, 1979) .
The two water-retention structures originally planned were part of a comprehensive watershed protection, flood prevention, and recreation plan for the Blackhawk-Kickapoo watershed (Crawford and Vernon County Soil and Water Conservation Districts, 1967) . Construction of the dry floodwatercontrol structure began in July 1974 and was completed in November 1975. Plans for construction of the second structure have been cancelled, leading to changes in the objectives and scope of this investigation.
The completed structure is not expected to have a significant effect on downstream water quality and biota. Because of this and the change in construction plans, the planned postconstruction investigation of the effects of the structures on Nederlo Creek was not made. The results of the preconstruction biologic studies, which were to be published in the report covering the postconstruction investigation, are contained in this report.
The purpose of this report is to present the results of the preconstruction biologic investigations by the USGS and DNR. The report is intended to complement and add to the scope of the material in the previously published report (Kammerer and Sherrill, 1979) .
THE STUDY AREA Physical Setting, Hydrology, and Water Quality
Characteristics of the study area, including geography, geology, soils, land use, hydrology, water quality, and stream-channel characteristics were described in detail by Kammerer and Sherrill (1979) . These characteristics are summarized here to provide background information on the terrestrial and aquatic environment.
The study area includes the surface drainage basin of Nederlo Creek (locally used name, not approved by the U.S. Board on Geographic Names). The basin is 4 mi northwest of Gays Mills (Crawford County) in the "Driftless Area" of southwestern Wisconsin ( fig. 1) , has a surface drainage area of 11.0 mi2, and is geographically and hydrologically similar to other small basins in the area. Topography is rugged, with approximately 400 ft of relief between the ridgetops that form the surface drainage divides and the floor of the valley that contains the perennial reaches of Nederlo Creek and its tributaries.
The bedrock that forms the ridges and underlies Johnstown Valley is sandstone and dolomite of Cambrian and Ordovician age. In the valley, the bedrock is overlain by unconsolidated alluvium of Pleistocene and Holocene age. The alluvial material is as thick as 20 ft at the sites of the structures ( fig. 1 ) and thickens toward the mouth of the valley.
Soils may be divided into groups or associations based on texture and parent material. Silty upland soils are predominant on the ridgetops, but small areas of sandy, silty soils are also present. Valley walls are stony colluvial land, which is actually a mixture of soil material and rocks. Most of the soils in the valley are silty alluvial soils, but sandy, silty soils underlie smaller areas.
Land is used primarily for agriculture and farm woodlots. Fifty percent of the land is cropland and 40 percent is woodland; of the remaining 10 percent, 7 percent is permanent pasture and 3 percent is occupied by roads and buildings.
The stream is characterized by fairly constant base flow and rapid changes in discharge during periods of snowmelt or rain. Surface runoff is a significant contributor to streamflow only 10 percent of the time; during the remaining 90 percent of the time, streamflow consists entirely of ground-water runoff, most of which can be attributed to discharge from springs.
Water in the stream at base flow is a calcium magnesium bicarbonate type, having a median hardness of 286 mg/L (milligrams per liter) as calcium carbonate and median dissolved-solids concentration of 274 mg/L. Dissolved-oxygen concentrations in the streams are generally lowest during summer, when lows of 7-8 mg/L are common at night.
The daily fluctuation of stream temperature is greatest in the summer; the range and the magnitude of daily extreme values at specific locations are influenced by the proximity of springs. Maximum daily water temperatures as high as 26 °C have been measured at some locations, but temperatures this high seldom persist for more than a few hours. Water temperatures during winter (December through February) usually range from 0° to 5°C.
Mean annual suspended-sediment loads at various locations ranged from 13 to 60 tons/mi2; most of the sediment (74 to 86 percent) is transported during that 10 percent of the time when overland flow contributes to streamflow.
The Aquatic Environment
Physical characteristics of the stream channel itself (slope, mean width and depth, streambankerosion rates, and bed material particle size) were described by Kammerer and Sherrill (1979) .
Livestock management practices have substantial influence on the aquatic environment, especially with respect to trout habitat. Cattle had continuous access to almost the entire length of Nederlo Creek and its tributaries during the period of study. In the short reaches where access was not continuous, cattle grazed during at least part of the study.
The most visible effect of grazing was to limit the quantity of cover for trout and other aquatic organisms that would normally be provided by overhanging streambank vegetation. In stream reaches where grazing was intermittent, streambank vegetation approached "natural" conditions during years of no grazing; high grass on the banks hung over the water, and fast-growing shrubs (primarily willow) shaded the stream from direct sunlight during most of the day. When these reaches were grazed, grass was close cropped, and the shrubs were destroyed. Streambanks grazed each year were generally free of larger vegetation (shrubs and trees), and grass, where present, was short and provided little cover.
AQUATIC BIOLOGY
Aquatic organisms studied include macrophytes, periphytic and planktonic algae, benthic invertebrates, and trout and forage fish. Characteristics of these populations and their relation to one another and the aquatic environment are discussed in later sections.
Aquatic Macrophytes
The distribution of aquatic macrophytes was recorded twice annually from August 1970 Ranunculus is the most abundant of the three genera. It is widely distributed along the main stem of Nederlo Creek and in the south fork, but absent in the north fork. The percentage of the streambed at each cross section inhabited by Ranunculus varied considerably over the study, but no seasonal trends were apparent. The average percentage of streambed inhabited by Ranunculus was similar for spring and fall measurements.
Veronica is usually less abundant than Ranunculus, but the areal distribution of the two genera is similar. Mixed beds of Veronica and Ranunculus grow at many of the cross sections. Veronica grows at the mouth of the north fork (section 16) but not at any of the upstream sections. As with Ranunculus, seasonal trends in the abundance of Veronica are not apparent; abundances for spring and fall measurements are similar.
Nasturtium has been observed at all but one of the sections, but it is most abundant at the sections on the north fork. The abundance of Nasturtium is much less than that of Ranunculus and Veronica on the south fork and at stations on the main stem of Nederlo Creek. The greatest abundance of Nasturtium in the north fork is probably due, at least in part, to the influence of nearby springs on water temperature (Kammerer and Sherrill, 1979) ; Nasturtium is common in and near springs where summer water temperatures are generally lower than in stream sections farther from the springs. The average abundance of Nasturtium was greater in fall than in spring at all the sections. Nasturtium provides cover and protection for fingerling trout and cover for benthic invertebrates. Its importance in this regard is increased by the scarcity of other suitable cover in the stream and on the streambanks.
The summaries in table 1 show that the range of abundance for each genus (as represented by the range of percentage values) is large at most sections. Usually, each genus was absent at least once at each section even where average percentage values are high. The absence of one or more genera at a section sometimes seemed to be due to mechanical removal (erosion) caused by high streamflow before the site visit. The effects of a particular occurrence of high streamflow differed from section to section, but stream discharges covering the range discussed by Kammerer and Sherrill (1979) did not cause widespread damage to or destruction of aquatic macrophytes during the monitoring (August 1970 -June 1977 . Destruction of aquatic macrophytes was widespread during the record floods on June 17 and June 30-July 1, 1978. The June 17 flood, which had a probable recurrence interval of 40-50 years, resulted from 5.10 in. of rain on saturated soil during a 20-hour period. The June 30-July 1 flood, which had a probable recurrence interval exceeding 100 years, resulted from 6.8 in. of rain in a 12-hour period. These floods were the maximum floods of record at gaging stations in and near the study area. An inspection in September 1978 revealed that the flood had removed all visible aquatic macrophytes from the entire length of Nederlo Creek and its tributaries.
Algae
Phytoplanktonic (free-floating) algae and attached algae in the periphyton community are useful in assessing the biological quality or trophic status of a stream. In small streams, the algal component of the periphyton community is particularly useful in this assessment. Periphyton and phytoplankton samples were collected approximately monthly between May 1974 and November 1977 at four sites ( fig. 2 ). These sites include two on the main stem of Nederlo Creek (stations 70 and 90) and one each on the north and south forks (stations 30 and 60, respectively). Periphyton samples were also collected periodically during 1968-71, but these data were used primarily to check the long-term consistency of the 1974-77 data, which are emphasized in this report.
Methods used in collection, identification, and enumeration of algae and for chlorophyll and biomass determinations are described by Greeson and others (1977) . Periphyton samples were collected by anchoring polyethylene strips on the stream bottom for 4-6 weeks (average time 35 days) to allow colonization by periphytic organisms. Phytoplankton samples were collected by submerging a polyethylene bottle near the centroid of streamflow and allowing it to fill with water. Algae were identified to the genus level. 
Periphyton
Diatoms are the dominant periphytic algae at all four sampling sites. The frequency of occurrence of the algal genera found in the periphyton samples is given in table 2. It can be seen from the data in the table that the generic composition of the periphytic algae is similar at all four sampling sites.
A seasonal succession of dominant genera takes place in the stream. The diatoms Achnanthes, Gomphonema, and Navicula are generally dominant during the winter. In the summer, the blue-green algae Oscillatoria and Lyngbya become increasingly important. The green algae Stigeoclonium and Ulothrix are abundant during most of the year and at times constitute a considerable part of the periphytic algae.
The use of artificial substrates may influence the species composition of the periphyton samples. Filamentous blue-green algae, for example, prefer a stable substrate, and it is unlikely that they would colonize the artificial substrates to the extent that they might be found on more solid substrates such as rocks.
Maximum diatom populations (as indicated by biomass and chlorophyll measurements) generally occur in the spring and fall. This pattern corresponds to that generally observed in streams of temperate regions (Whitton, 1975) . The pattern in Nederlo Creek is masked somewhat by the yearround dominance of the diatoms Achnanthes, Gomphonema, Navicula, and Nitzschia. This tends to obscure the apparent increases in population of other diatom genera.
Chlorophyll a and ash-free dry weight (AFDW) measurements were made on the periphyton samples to identify temporal and areal variation of biomass production in the periphyton community. Ash-free dry weight is a composite measure of all organic material (biomass) produced in the periphyton community, and chlorophyll a is a measure of biomass production by the algal component of the periphyton. Hypotheses concerning temporal and areal variation of these variables were tested statistically. Mean AFDW and chlorophyll a values for the four sampling sites and for various seasonal groupings of data were compared by an F test at P = 0.05; log transformation of the data was necessary to meet the requirements of the test.
The F test showed no significant difference (P = 0.05) between the mean AFDW values from the four sampling sites. Testing of mean chlorophyll a values for the four sites showed that the mean values for sites 60, 70, and 90 ( fig. 2) were not significantly different from each other, but that the mean value for station 30 ( fig. 2 ) was significantly lower than the means for the other stations. This is an indication that algal biomass produced in the periphyton community was lower at station 30 than at the other stations.
Ash-free dry weight and chlorophyll a findings are summarized in table 3. Ash-free dry-weight data for the four sites are combined, based on the results of the F test. Chlorophyll a data for stations 60, 70, and 90 were also combined, but the values for station 30 are summarized separately.
The AFDW and chlorophyll a data were also examined for seasonal trends. Based on the previous analysis of areal variation, AFDW data for all stations were combined, and the chlorophyll a data were divided into two groups the combined data for stations 60, 70, and 90 and the data for station 30. To test for seasonal differences, the data were divided into groups based on the month in which the samples were collected. Two subdivisions of the year were made: the first by dividing the year into four periods ("quarters") and the second by dividing it into three periods ("thirds"). The months included in each of these groups are shown below.
" Mean AFDW and chlorophyll a values for the data within each division were compared by the F test described previously; the test showed no significant difference (P = 0.05) in the mean values between "quarters" or between "thirds". Two other seasonal combinations of data were tested to compare AFDW and chlorophyll a values for "warm" and "cold" seasons. In the first combination tested, data from quarters 2 and 3 were combined to represent "warm" months, and data from quarters 1 and 4 were combined to represent "cold" months. The F test showed no significant difference (P = 0.05) in the mean AFDW or chlorophyll a values between the "warm" and "cold" periods.
The second combination used data from thirds 1 and 3 to represent "cold" months and data from third 2 to represent "warm" months. In this case, the F test revealed a significant difference (P = 0.05) in mean AFDW between periods; the mean AFDW for the "warm" period is 4.4 (g/m2)/month , which is almost twice the mean value of 2.8 (g/m2)/month for the "cold" period. The test showed no significant difference in mean chlorophyll a values between the "warm" and "cold" periods.
The higher mean AFDW value for third 2 (representing May, June, July, and August) indicates that the warmer temperatures favor increased biomass production in the heterotrophic segment of the periphyton community. Seasonal trends may also occur in chlorophyll a values, but, if they do occur, they are masked by large month-to-month variation in chlorophyll a production.
The ratio of AFDW to chlorophyll a has been used as an index of the relative organic enrichment or trophic state of streams. Weber (1973) This range is higher than the range of 50-100 given by Weber (1973) as normal for biologically stable streams, but the higher values do not seem to be due to any readily identifiable biological disturbance or water-quality problem. This conclusion is supported by other biological data presented in subsequent sections of this report. It is more likely that the range of values given by Weber is not applicable to southwestern Wisconsin streams.
Phytoplankton
The phytoplankton in Nederlo Creek is dominated by diatoms, but green and blue-green algae are also present. About two-thirds of the 61 algal genera represented in the phytoplankton are periphytic and originate as dislodged cells through abrasion by suspended material in the stream and other means (Blum, 1956; Whitton, 1975) . Overall, the diatom Achnanthes is the dominant genus the periphyton and the phytoplankton. The frequency of occurrence of algal genera in phytoplankton samples is given in table 4.
Twenty-one algal genera (table 4) were found exclusively in phytoplankton samples of these, only two are known to have periphytic forms. This is an indication that populations of euplankton (true planktonic algae) exist in Nederlo Creek. These genera were identified in less than 20 percent of the phytoplankton samples and were present in small numbers. Other genera such as Synedra, Diatoma, Scenedesmus, and Melosira are planktonic but were also found in periphyton samples. These planktonic algae may originate in stagnant water and pools within and tributary to the stream.
Seasonal changes occur in the population of planktonic algae (as indicated by cell counts) and in the relative numbers of diatoms and green and blue-green algae. The histograms and graphs in figure 3 illustrate the changes at stations 30, 60, 70, and 90 ( fig. 2) . The general dominance of diatoms is shown in the histograms, but blue-green algae (primarily Oscillatorid) predominated on several occasions, particularly in 1976 and 1977 and especially at station 30. Green algae, when present, were a minor component of the phytoplankton. Cell counts followed normal seasonal trends (Whitton, 1975) , with counts generally highest in the summer at all four stations.
A diversity index was used to evaluate the composition of the phytoplankton. The diversity index (d) values were computed for each phytoplankton sample by the formula of Wilhm and Dorris (1968) . High values of d (greater than 3) indicate a diverse population not dominated by a small number of taxa; populations of this sort generally occur in relatively undisturbed, "healthy" environments. Values of d, generally between 2 and 3, indicate that the phytoplankton is not affected by any major environmental stress. The relative constancy of d with time indicates that seasonal increases and decreases in the total phytoplankton population are probably due to changes in the populations of most of the genera present rather than to large increases or decreases in a few dominant genera.
Benthic Invertebrates
Collections of benthic invertebrates were made with a Surber sampler (1 ft2) at five sites on Nederlo Creek and its tributaries between October 1968 and October 1978. Locations of the sampling sites (stations 70, 62, 60, 55, and 30) are shown on figure 2. Collections were made from riffles at each site, but substrate and flow conditions (morphometry) differed from site to site. A brief summary of the physical characteristics of each sampling site is given in table 5 along with approximate dimensions of the pool upstream from the collection site.
Invertebrates were collected 11 times during the study. The collections were made in spring, fall, and winter (7 in March, 3 in October, and 1 in January) to avoid the fluctuating populations characteristic of summer. The organisms were preserved in 95-percent ethanol.
Distribution of Organisms
Sixty-one taxa were represented in samples collected from the five stream-sampling sites, of which 16 taxa were predominant. A list of the organisms and the sites at which they were collected are given in table 6. Predominant organisms are marked with an asterisk. The order Trichoptera (caddisflies) was the most frequently represented group. Chironomidae collected before 1971 are not included in the data summarized in table 6 due to the poor larval taxonomic keys available when samples were analyzed; this omission includes 5 of the 11 dates for which collections were made.
Differences were noted in the site-to-site distribution of several of the taxa. The differences are probably a result of site morphometry (habitat) preferences of various taxa rather than site-to-site variations in water quality.
Site 70 ( fig. 2) , the site farthest downstream, differed from the others primarily in the distribution of Trichoptera (caddisflies). Hydropsyche cf. betteni and Symphitopsyche cf. bifidia were found almost exclusively at this site, and S. sparna was present in greater numbers than at other sites. In contrast, Brachycentrus americanus was less abundant at this site than at other locations. The dipterianAntocha sp. was also more abundant at this site.
Site 62, ( fig. 2) is upstream from site 70, just downstream from the confluence of the two forks of Nederlo Creek. This site differs from the others in that it seldom receives direct sunlight. The distinguishing feature of the benthic invertebrate population at site 62 was the greater abundance of the Ephemeroptera (mayfly) Stenonemafuscum.
At site 60, which is near the mouth of south Fork Nederlo Creek, populations of the caddisfly Symphitopsyche slossonae and the Coleoptera (beetle) Optioservus fastiditus (adults and larvae) and Helichus striatus were generally greater than those at the other sites (fig. 2) . The caddisfly Symphitopsyche sparna, which was abundant at site 70, was not found at site 60.
Site 55 ( fig. 2) is near the headwaters of south fork Nederlo Creek. The case-bearing caddisfly Hesperophylax designatus was found almost exclusively at this site. The organisms were typically clumped on the downstream sides of large rocks generally not found at other sites, so the presence of this substrate was an important factor influencing their occurrence. The Plecoptera (stonefly) Isoperla signata was present in smaller numbers here than at other sites. The caddisfly Brachycentrus americanus was not found at this site during the first part of the study, but small populations were found in later samples.
Site 30 ( fig. 2 ) is about 200 ft downstream from the floodwater-retention structure on north fork Nederlo Creek. The mayfly Stenonema fuscum was generally more abundant here than at other sites. As at site 55, the caddisfly Brachycentrus americanus was not found before 1970. Populations of this organism in samples collected in 1970 and succeeding years were similar to those found at sites 60 and 62 and generally greater than at sites 70 and 55.
Little seasonal variation in species composition was noted in the samples. An exception to this is the mayfly Baetis brunneicolor, which was found mainly in October samples. The lack of seasonal variation is probably due in part to the moderating influence of springs on water temperatures in the stream, especially in the spring and fall.
Collections of invertebrates were made in the large spring (site 40, fig. 2 insect populations between the spring and the stream may be because discharge from springs is a major source of streamflow at base flow.
Community Structure
Taxonomic and population data may be used to compute a numerical index that can be used to relate community structure to water quality in a stream. Hilsenhoff (1977; written commun., 1980) has used this concept to evaluate water quality in Wisconsin streams, and his work provides the basis for evaluation of water quality in the Nederlo Creek basin with respect to aquatic invertebrates. The term "water quality" as used by Hilsenhoff refers primarily to relative disturbance or organic enrichment indicated by measurements such as biochemical oxygen demand and concentrations of dissolved oxygen, suspended solids, and total nitrogen.
In the system used by Hilsenhoff, taxonomic and population data are used to compute a biotic index (B.I.) value for the stream from which a benthic invertebrate sample was collected. The computed index is then compared with B.I. values for streams where water-quality conditions are known to arrive at an estimate of overall water quality in the sampled stream. The formula used to compute B.I. is similar to one originally proposed by Chutter (1972) where: n} = the number of individuals of a particular species found in the sample, aj = an index value assigned to that taxon, and N = the total number of individuals in the sample.
The index values (a^ for each taxon range from 0-5 and are based on the relative tolerance to disturbance or organic enrichment shown by the organism. A value of 0 indicates that the organism is found only in streams with very high water quality, and a value of 5 is assigned to species known to occur in highly disturbed or enriched streams. Intermediate values are assigned to organisms with tolerances between these extremes. Index values are not assigned to organisms having a wide range of waterquality tolerance or whose tolerance is unknown.
Values of a{ assigned to species found in samples from Nederlo Creek are given in table 6; the values are those assigned to the taxa by Hilsenhoff (written commun., 1980) . The preponderance of low a; values (generally in the range 0-3) in table 6 supports the conclusion reached after qualitative appraisal of community structure: that the benthic invertebrate community consists primarily of organisms that require a stable environment relatively free of organic enrichment.
Hilsenhoff (written commun., 1980) has developed the following classification scheme to relate ranges of B.I. values to water quality of Wisconsin streams: .5-1 1-1.5 Biotic index values calculated for the five sampling sites on Nederlo Creek are summarized in table 7. Mean and median B.I. values for all sites are less than 2.25, and values for individual samples were also less than 2.25 except in two cases. According to the classification scheme, the calculated B.I. values indicate little organic enrichment or disturbance. This is corroborated by the long-term stability and diversity of benthic invertebrate communities noted at each of the sampling sites.
Trout Habitat
Trout habitat in Nederlo Creek and factors influencing it are typical of many headwater trout streams in southwestern Wisconsin. The streams are generally able to sustain wild trout, but many factors interact to limit trout reproduction and survival and keep the population below the potential carrying capacity of the stream. Frequently, wild trout are too scarce for good fishing, and stocking becomes necessary.
Characteristics of the stream channel and riparian land use and vegetation are likely factors limiting trout population. The stream has some pools of suitable size and configuration for trout, but is otherwise characterized by riffles and shallow pools. The riffles provide suitable substrate for benthic organisms, thus supporting fish-food organisms, but the pools generally lack adequate cover and living space for trout. Limitations on bank cover were discussed previously. Instream cover is also sparse except for the, at times, dense beds of Nasturtium, especially in the north fork. The Nasturtium provides excellent cover for fingerling trout and is a substrate for fish-food organisms. Size and distribution of bed materials is a limiting factor on reproduc- Water quality is generally suitable for survival and growth of trout. The calcium magnesium bicarbonate type water supports a productive biological system and no major aquatic environmental disturbances are indicated by the composition of the algae and benthic invertebrates. Dissolved-oxygen concentrations do not fall to critically low levels, and water temperatures are within tolerable limits for trout.
The stable base flow in Nederlo Creek is beneficial to trout, but high streamflow caused by overland runoff, although infrequent, may dramatically affect the stream environment. High streamflow may deepen pools and undercut streambanks, which provides additional trout cover and living space, but may also destroy spawning areas and instream vegetative cover. Other studies in Wisconsin indicate that high winter streamflow especially harms trout reproduction and survival (Brynildson and Brynildson, Wisconsin DNR, written comm., 1981) .
Feeding habits of brown trout have been found to differ with the size of the trout. Trout less than about 9 in. long feed primarily on invertebrates, whereas the larger fish feed more on forage fish and crayfish (Brynildson and others, 1964) . The aquatic invertebrates and forage fish in Nederlo Creek provide ample food for trout.
Although feeding habits of local trout were not investigated, they are probably similar to those of trout in nearby streams. The benthic invertebrate community is similar to that found by Avery (1978) in Seas Branch Creek in Vernon County (20 mi north-northeast of Nederlo Creek in a similar physical and hydrologic setting). Included in that investigation was a study of brown trout feeding habits, which showed that Trichoptera, Diptera, and Coleoptera were the invertebrate groups most often found in the stomachs of trout. These groups are well represented in Nederlo Creek. Other major food organisms indentified by Avery were amphipods (primarily Gammarussp.), crayfish, and forage fish, all of which are abundant in Nederlo Creek.
Species composition of forage fish is similar to that in ether small trout streams in the Kickapoo River basin (Avery, 1978; Wirth and Mason, 1974; Becker, 1966; Greene, 1935) . Species of forage fish found in the stream, and their relative abundance, are listed in table 8. Darters and minnows are dominant in numbers, but most of the forage fish biomass consists of white suckers. Trout represent only a small part of the fish population, both in numbers and biomass. Forage fish population did not change significantly during the study.
Trout Population Dynamics
Trout population dynamics was studied in four reaches of Nederlo Creek totaling 2.8 stream miles ( fig. 2 ). Reach A (extending from station 90 to station 70) and reach B (extending from station 70 to the confluence of the north and south forks) cover the main stem of Nederlo Creek. Reach C is on the south fork, and reach D is on the north fork.
Study Methods
Study methods of fish population were basically the same as described by many other investigators (McFadden, 1961; Hunt and others, 1962; White, 1964) . The fish population was assessed each fall during 1967-78 using direct current electrofishing equipment. Trout captured were measured and weighed, and young-of-the-year fingerlings were fin-clipped for future identification; stocked trout were distinguished from wild trout by marks they received before release.
From 1967-73, trout population was estimated by the double-run mark and recapture method. Because the electrofishing gear proved to be highly efficient in collecting trout, population estimates during 1974-78 were made on the basis of only one electrofishing run and shocker efficiencies calculated during the years when two runs were made. Data were not collected in reach A during 1969-71.
Trout Populations and Biomass
Numbers and biomass of brook and brown trout found each fall during 1967-78 are shown in figure 4. The population was always low; it reached a high point of 443 trout of both wild and hatchery origin in 1969, even through reach A was not included in that year. Only 60 trout were found in 1972, when the population was at its lowest level. Fall biomass ranged from 26 to 91 Ib over the 12-year period. Chrosomue erythrogaster (Rafinesque) Common.
Rhiniahthye eataraatae (Valenciennes) Common.
Notropie cornutue (Mitchill) Common.
Buoalia ineonetane (Kirtland) Scarce.
Hypentelium nigricane (LeSueur) Scarce.
Excluding the years 1969-71, when reach A was not inventoried, a 9-year average fall biomass of both wild and stocked trout was 64 Ib, or 14 Ib/acre. By comparison, the best trout streams in southern Wisconsin hold over 100 Ib/acre in the fall (Brynildson and Mason, 1975; Brynildson and Brynildson, written commun., 1981) .
In most years, there were more wild than stocked trout, but, during 1973-77, more than half the fall biomass consisted of stocked trout. The stream was stocked with 500 yearling brown trout each spring except for 1970 and 1972, and 250 brook trout were stocked as fingerlings in the fall of 1968 and 1969. Stocked trout were released in reach A, and most of the relatively small number that survived until fall were captured in that reach. Some brook trout survived to spawning size, and a wild population was established in the stream. The wild brook trout population declined in subsequent years and gradually disappeared (fig. 4) .
The size of the wild brown trout population each fall was largely dependent on reproductive success the previous fall, because fingerlings normally made up the greatest percentage of the population. Figure  5 shows the fall population and biomass of brown trout by stream reach. The greatest numbers of wild trout were always found in reaches B, C, and D, where most reproduction occurred. In the early years of the study, some wild brown trout were present in reach C, but after 1971 none were found there.
The floodwater-retention structure constructed during the study has affected the distribution of brown trout in reach D. Table 9 shows the distribution of wild brown trout in reach D before, during, and after construction. It seems that the structure has had little effect on the downstream trout population. Spawning and reproduction occurred upstream from the structure before it was built, but no redds or spawning-age adults have been observed there since 1975. The structure may impede upstream migration of adult trout. Some fingerlings were found upstream from the structure in 1976 and 1978; they apparently passed upstream through the outlet pipe, and a resident population may be reestablished upstream from the structure in the future.
Reproduction, Survival, and Growth
Reproductive success of the trout (as measured by the number of fingerlings found in the fall) varied considerably during the 12-year study period. Success was influenced by the number of adult spawners available as well as by environmental factors such as high streamflow. Locations of spawning sites observed in the stream are shown in figure 6 . The most intense spawning of both brown and brook trout was in the upstream reaches; spawning was observed in reach A, but success was limited.
Fall population of wild brown trout fingerlings captured by electrofishing ranged from 3 in 1972 to 210 in 1973. The largest number of brook trout fingerlings, 251, was found in 1969, the year after brook trout were first introduced into the stream. After brook trout stocking was discontinued in 1969, the number of brook trout fingerling declined each fall until the population disappeared. Because no data on trout harvest were collected, mortality due to harvest and natural causes cannot be separated, but annual mortality from all causes is high. Survival of fall brown trout fingerlings (age 0) to the following fall (age 1) averaged 30 percent over the study; survival from age 0 to age 2 (three summers) was only 10 percent. Higher brown trout survival rates have been reported in other southern Wisconsin streams; in Black Earth Creek, for example, survival from age 0 to age 1 averaged 45 percent and from age 0 to age 2,19 percent (Dunst, 1970) .
Growth rate of brown trout in Nederlo Creek is comparable to that reported for other trout streams in southern Wisconsin (Brynildson and Brynildson, written commun., 1981; Brynildson, 1957) . Wild brown trout fingerlings (age 0) averaged 5 in. in length by the first fall, 10 in. at age 1, and more than 13 in. at age 2 (table 10). Few trout survived beyond age 2, but some age 3 and older fish reached more than 20 in. in length. Brook trout also showed a good growth rate, when present, averaging 6 in. in length by the first fall. The small number of brook trout that survived two summers (age 1) were as long as 13 in. Number of wild trout 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 Downstream from structure 
Year

CONCLUSIONS
This study of aquatic biology in the Nederlo Creek basin has shown that the aquatic community is diverse and reasonably stable, with little indication of environmental disturbance or stress. The most apparent environmental disturbance noted was the destruction of streambank vegetation by livestock, which reduced available trout cover.
Aquatic macrophyte population (dominated by the species Ranunculus aquatilis L., Veronica catenata Penn., and Nasturtium officinale) is reasonably stable and generally varies little from spring to fall. High streamflow seems to have little destructive effect on the macrophytes except for extreme floods. The stability of the aquatic macrophytes enhances their usefulness as cover for trout fingerlings and habitat for benthic invertebrates.
Periphytic and planktonic algae populations are both dominated by diatoms, with the genus Achnanthes dominating both communities. Significant areal (site-to-site) differences in population, if any, are masked by the wide month-to-month population variation at each sampling site. The balance between autotrophic and heterotrophic organisms in the periphyton, as measured by ash-free dry weight and chlorophyll a production, indicates some organic enrichment of the water but no serious environmental disturbance. Most genera of planktonic algae seem to originate in the periphyton, but some true planktonic genera were identified. Phytoplankton populations (cell counts) are highest in the summer; diversity is moderately high year around and does not seem to be influenced by cell count.
The benthic invertebrate population is dominated by Trichoptera and is large enough to serve as a major source of food for trout and forage fish. Areal variation in the species composition of the benthic invertebrate community seems to be due more to substrate preferences of the organisms than to areal variations in water quality. Biotic index values calculated from benthic invertebrate data and qualitative evaluation of the benthic invertebrate community indicate that the stream is relatively free of organic enrichment.
The trout population is low and represents only a small part of the total fish population, both in biomass and numbers. The wild trout population consists of brown trout. Brown trout are generally stocked annually, but most trout present in the fall are wild. Brook trout were stocked on two occasions a wild population was established but subsequently disappeared.
The major environmental factors limiting trout population seem to be lack of sufficient cover, insufficient pool depth and volume, and sparse spawning areas. Food supply (invertebrates and forage fish) is sufficient to support a larger population, and critical water-quality factors (dissolved oxygen and temperature) present no significant problems. Fall trout population is highly dependent on spawning success the previous fall; when spawning success was poor, fall populations were extremely low even with supplemental stocking.
The floodwater-retention structure constructed during this study has affected the distribution of trout. Trout reproduced in the reach upstream from the structure before construction, but have apparently not done so since construction was completed. The structure may also impede the upstream migration of adult trout.
